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(54) COMMUNICATION EQUIPMENT AND COMMUNICATION METHOD 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide communication 
equipment and a communication method capable of 
easily acquiring/tracking a synchronization clock 
between a transmitter and a receiver and easily 
performing the frequency tuning in the case of radio 
communication. 



,r: 



SOLUTION:JThis communication equipment is providejl ? ; 
{with i a GPS(gl6b^rp^sitioning sy¥tem)7ecelver (^andar^j 
,^qu¥ncy _ signal generator 17)-in~both transmitter and ^> | 
receiver and generates i cafTi^f ^1 g n als" 22 lah d clock ■/_ 
^signals 21 based on a C/A code included in GPS signals^ \ 
[received by the GPS receiver. Sihc^crie^cycle^f the / 
[ C/A code is extremely accurate 1 ms, by generating the | 
earner signals and the clock sigTfais with~ifas~a^ 




reference signal, the frequency deviation of a transmjss[on side from a reception [sidejis 
eliminated and waveform distortion at the time of datsTtransmi^^^ 

Also, since the clocks of the data transmission/reception perfectly match, the need of tracking 
synchronization is almost eliminated. Also, since the GPS signals include time information as 
well, by generating a spread code in spread spectrum communication in synchronism with the 
time information, the synchronization is easily obtained between the transmitter and the 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . 

[Fie]d_ofthe^^ inventipi^ contaming £xact cljppks, ji^^jl^^S signalf 

by~both a transmitting side and a receiving side, and it relates to the communication device and / " 
^ffitgSpondence procedure which transmit and receive information, taking frequency alignment md^ 

[0002] " ^ — 

[Descri ption of the Prio r Art] In high-speed data transmission, in order to transmit and receive data witfi 
ja sufficient precision, it is necessary to synchronize the clock of data transmission correctly by the 7^__ 
[fransimffi^ receiving side. Since it is uneconomical to transmit using the transmissionlin^ 

of dedication of a clock sigifid^ge^ metliod which is maBe to r 

cdnfai^a clock signal compbneht and is transmitted into data, are used. " 
[0003] _ 

[Problem(s) to be Solved by the Invention] When a clock is extracted from the data transmitted and a 
synchronization is taken, he is trying to catch and follow a synchronizing signal in a PLL circuit etc., but 
for clock synchronization, since initial time amount was required, there was a trouble that transmission 
and reception of data could not be immediately started after communication initiation. 
[0004] Moreover, by transmission distortion, a noise, etc., by radio, a clock signal may be distorted by 
instant interruption, an atmospheric-air noise, etc. by the obstruction, or it may break off at a wire 
communication again. When a clock signal was unreproducible with such a cause, since a receiver was 
not able to follow a synchronization, the clock was made to run by himself, data reception was 
continued, but when the clock of a transmitter and a receiver was not stable, the synchronization shifted 
immediately and there was a trouble of the reconstitution of data becoming impossible. 
[0005] For this reason, conventionally, by the wire communication, distance between communication 
devices needed to be shortened, the margin of a transmission strain needed to be stopped, and in order to 
perform a long-distance communication link, there was a trouble of having to carry out correspondence 
of inserting a repeater, repeating installation, etc. in the middle. Moreover, in radio, there was a trouble 

that a lon g-distance communication link became di fficult by an atm ospheric-air^noise etc. 

[0006]^Moreover, when peffoirmingdata transmission on radio, if the carrier frequency of the signal 
,&tu__ka tran^ which a receiver receives are not made correctly in' 

agreement, Ae data transmitted at high speed cannot be restored correctly. Although frequency precision 
is about 10 ppm, if, as for a common transmitter, the transmit frequencies of a sending set and 10 ppm of 
received frequency of a receiving set shift in the field of high-speed-data transmission, the reconstitution 
of data will become almost impossible. For example, when it was going to carry out data 
communication with a 430MHz frequency band, if neither a transmitting side nor a receiving side drove 
frequency gap into about **lkHz, there was a trouble that an accurate communication link could not be 

performed.^ — ______ , _____ , _ 

[0007] Tins invention aims atoffering the ^ conynunication device and correspondence procedure which 
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can makejias^^ transmitter and a receiver, and 

c^Jlso make that frequency alignment easy in the ca^of radiqf 



Solving the Problem] Jnventi on of claim 1 of this application is characterized having;^ _ . ^ 
laLeeneration means togenerate a c^er sum Satellite 



10008) ~TJL 

leans li?J 

Vcarner signaL eeneration m eans to generate a carrier ^ignaT 

j|o!^ the signal which should be transmitted on said 

jcai^e^ignal, and. to transmit f " 

[OOOS^Wentibn^^ 

meanrtd^gtStT^ based on the signal*rece^^^^^ for'positi'onirig, ji ^ 

carrier signak 



and to / 



[0010]Hnvention of claim 3 of t h is a pp j ^ generating r> 

' "jggga clock 
iSjjjpnea^^ whicl^stoul^^ 
transmit. — 

[001 1] Invention of claim 4 of this application is characterized by having a clock signal generating 
means to generate a clock signal based on the signal received from the satellite for positioning, a 
receiving means to receive the signal containing the target data, and a recovery means to recover data 
from said received signal using said clock signal. 

[0012] Invention of claim 5 of this application generates a carrier signal based on the signal received 
from the satellite for positioning with both the sending set installed separately and the receiving set, a 
sending set superimposes the signal which should be transmitted on said carrier signal, and transmits it 
as a purpose signal, a receiving set receives a signal group including said purpose signal, and it is 
characterized by to sort out a purpose signal from said signal groups using said carrier signal. 
[0013] Invention of claim 6 of this application is both the sending set installed separately and a receiving 
set, and a clock signal is generated based on the signal received from the satellite for positioning, a 
sending set is synchronized with this clock signal, data are transmitted, a receiving set receives the 
signal containing said data, and it is characterized by restoring to data using said clock signal. 
[0014ffiiHhe above-mentioned invention, the satellite for current [ GPS ] (Glovaf Positioning System) is, 



v gj^exact. T-he G PS Sate llite ha s tr a n smitted the signal containing the C7A code of 1.023Mbpsxl023^ 
chip on the frequency of 1 .575.42MHz : / The GPS Satellite is working three sets at a time into six kinds 
of orbits, and wherever it may be in [ on the earth ], a signal is always receivable from four or more 
satellites. The period of the above-mentioned C/A code is 1 very exactms, since the clock signal with 
which the GPS receiver which receives this on the ground also synchronized with this is generated, this 
clock signal is also a clock signal for 1ms with a fully high precision, and that error does not exceed 10- 
7. Moreover, the thing equipped with the function which the GPS receiver also has the function which 
outputs the pulse PPS in every second based on this, and outputs a 10MHz standard frequency signal is 
also proposed. In the above-mentioned invention, a carrier signal and a clock signal may be generated 
using the signal 0 f ********. In addition, if it is the satellite for positioning which outputs the signal 
which has a precision comparable as this GPS Satellite, even if it is things other than a GPS Satellite, it 



is applicablejojthis invention. 
[0015] fn invention of claim 1 



and claim 5, a carrier signal is generated based on the signal received 



I 'earner signal is superimposed, and lUr^jSfo and claim 

V carroHugnll" i s generated based on the signal received from the above-mentioned satellite for J/ _ . 
f posiirar^ (transmitted from the sending set) is sorted oufusing this earner signal/ 

Any of an analog signal and digital data are sufficient as the signal (the target signal) which should be 
transmitted, and any of radio and a wire communication sufficient as a communication mode. Moreover, 



1 from the above-mentioned satellite^for. 
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said carrier signal may be used for a receiving set as a local carrier signal for synchronous detections, 
and may be used for it as a beat signal for carrying out a down convert and filtering. That is, in invention 
of claim 5, the carrier signal which a sending set generates, and the carrier signal which a receiving set 
generates do not necessarily need to be the same frequency, and as long as it is used in order to transmit 
and receive the samejsignal, it may be a signal of wh atLkind.of-relation.- 



[0016]p\nyway, since what was stabilized by the carrier frequency pf a sending sjet on the frequency^ 
alsowith'b r 6th the exact frequencies of tfie carrier signal of a .receiving set can be obtained,. in high-speed 
^conimulii Nation link division Mgfc-speed-data transmissiojQ^there is.no.waverlike_distortion_by_the [J 
frequency 3nft,'and a highly precise cofiSanmcation link is attained> 

[00T7]~Moreover~in invention of claim-3-and elaim-6 r based on the signal received from the above- 
mentioned satellite for positioning, generate a clock signal, it is made to synchronize with this clock 
signal, and data are transmitted. Furthermore, in invention of claim 4 and claim 6, a clock signal is 
generated based on the signal received from the above-mentioned satellite for positioning, and it restores 
to the target data (transmitted from the sending set) using this clock signal. Any of radio and a wire 
communication are sufficient as a communication mode. The clock signal generated based on the 
received signal from the above-mentioned satellite for positioning is used for the synchronization of a 

bit, and also,itmay„be used for the synchronization of th e code_pf fixed-length. — ^ 

[0 018] T hus, when a sending set and a receiving set transmit and receive data based on the clock signal^ 
(of an exact frequency, once a synchronization is established, even if it hardly follows, a synchronization 
is mairitainSBlfe', arid even if it is the case where receiving condition separate a^ synchronizing/ 

l&pfllffl!^^ separates arid dafa reception becomes ImpbsSiBfe ^Moreover, 

ttoeractuiffi^ amending set 

and a receiving set is completely in agreement beforehand becomes unnecessary, and since a 
synchronization is established only by taking the synchronization doubled with the delay according to a 
transmission distance, initial time amount is very short and ends. 

[0019] Moreover, since the synchronization stabilized in this way can be obtained, it becomes 
unnecessary to be able to reverse a signal for every bit like the Manchester method, and to include a 
clock component, and can also communicate with baseband signaling. In the way of a signal with few 
counts of level reversal being able to narrow bandwidth, there is an advantage that a communication 
range becomes strong also to an elongation multi-pass. 
[0020] 

[Embodiment of the Invention] Drawing 1 and drawing 2 are the block diagrams of the spectrum 
diffusion (SS) communication device which is the operation gestalt of this invention. Drawing 1 shows 
the configuration of a receiving set and drawing 2 shows the configuration of a sending set. 
[0021] First, in drawin g 2 , the data which should be transmitted are inputted into a diffiiser 31, after a i 
narrow-band modulation is **(ed) in a modulator 30. Although the carrier signal generator 38 generates 
the carrier signal inputted into a modulator 30, it is generated based on the standard frequency signal 
which is 10MHz which the standard-frequency-signal generator 34 generates, and this carrier signal has 
ten to seven or more precision. A diffiiser 3 1 carries out the multiplication of the PN code to this data, 
and diffuses spectrum. The PN code generator 36 is generated and this PN code is inputted into a 
diffuser 31. What is necessary is just to set a chip rate for example, to 1 lMcps(es) that seven steps of M 
sequences (127 chips), the barker sequence of 1 1 chips, etc. should just be used for a PN code. The PN 
code generator 36 generates the clock signal corresponding to this chip rate inside. It is generated based 
on the standard frequency signal which is 10MHz which the standard-frequency-signal generator 34 
generates, and this clock signal has ten to seven or more precision. 

[0022] The standard-frequency-signal generator 34 is carrying out the configuration as shown in 
dxawinjj. (it mentions later for details), always receives the signal from a GPS Satellite, and generates 
the 10MHz standard frequency signal proofread very with high precision based on the signal. The 
precision is 10-10. It is the following. 

[0023] The signal diffused with said diffuser 3 1 is inputted into a frequency converter 32. A frequency 
converter 3 1 carries out the rise convert of the carrier frequency of this signal by which spectrum 
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diffusion was carried out at 2.484GHz. The beat signal for this rise convert is generated by the local 
oscillator 37. The standard frequency signal which said standard-frequency-signal generator 34 
generates is inputted into this local oscillator 37, and the frequency of the beat signal to generate is 
maintained correctly. 

[0024] Drawing 1 is drawing showing the outline configuration of the receive section of a spectrum 
diffusion (SS) communication device. An antenna 10 receives the semi- microwave containing said 
2.484GHz transmission wave (purpose signal). The signal of this semi- microwave band is inputted into 
a frequency converter 1 1. A frequency converter 1 1 carries out the down convert of this signal even for 
a VHF band. Thereby, the down convert of said 2.484GHz carrier frequency is carried out to the 
frequency of dozens of MHz near baseband. A local oscillator 18 generates the beat signal for this 
frequency conversion. The stable signal beat signal is generated by this local oscillators 18 having 
inputted the standard frequency signal which is 10MHz which the standard-frequency-signal generator 
17 outputs, making it synchronize with this frequency, and generating a beat signal. The standard- 
frequency-signal generator 17 is the same as the standard-frequency-signal generator 34 of drawin g 2 , 
and is carrying out the configuration shown in drawing 3 . 

[0025] The signal (the unnecessary beat component shall be removed by BPF) by which frequency 
conversion was carried out is changed into a digital signal by ADC 12. And the multiplication of the 
carrier signal is carried out in a multiplier 13, and a carrier component is removed from this digital . ^ 
signal.Vf he exact frequency calibration is performed based on the standard frequency signal into which/ 
^the carrier signal generator 20 which generates a carrier signal is also inputted from said standard-/ 
frequency-signal generator 17. The frequency of this carrier signal is a frequency after the down convert 
y/as carried "out with said frequency converter 11. Thus, since the beat signal and carrier signal of "/ 
^frequency conversion are generated on the very exact frequency, the purpose signal of received^'SS J 
\ communication link can be easily sorted out from a noise or an interference wave/ 
[0026] Next, the signal with which said carrier component was removed is inputted into the diffusion 
decoder 14. The PN code which the PN code generator 22 generates is inputted into a diffusion decoder. 
A PN code is a circuit which generates the same PN code as the PN code generator 36 of said sending 

set here, „. . . ^ 

[0027] (The PN code generator 22 generates a PN code based on the clock signal which % clock signal 
rsynchfbhization and a generator 21 generate. A clock signal synchronization and a generator 21 / 
{ pttitifceM wtA6ck frequency based on the standard frequency signal inputted from said standard- 
frequency-signal generator 17, and takes the timing synchronization of code generating based on the 
sy rpriizati on piil se (corf el ati on piilse) inputted from said diffusion decoder 14. Synchrdnous ' 
\ detectors, such as a matched filter, are built in, this correlation pulse is fed back to a clock signal 
'synchronization and a generator 21, and, as for said diffusion decoder 14, the timing synchronisation of > 
! a PN code generating clock W tak^n' In 'MdWbn,; since the standard frequency signal of a sending set and/ 
; a receiving set is very highly in agreement, in this receiving set, the frequency synchronization of a PN>" 
code generating clock has not been taken. Moreover, since the clock frequency of a s^iirg sit arid a / 
receiving set isfvery highly iifagYSerrieht, a synchronous condition can be maintained, without almost^ 3 
^following, once if catches a synchronization. / 

[0028] The signal by which the back diffusion of electrons was carried out with the diffusion decoder 14 
is restored to the modulating signal (for example, PSK signal) of a narrow-band. It gets over to the 
digital data of baseband with a demodulator 15, and after this signal is changed into parallel data by the 
jerial parallel transducer 16, it is outputted to a data processor. ^ 

[0029] Drawing 3 and drawing 4 are the block diagrams of the 'standard-frequency-signal generator j 
which outputs said standard frequency signal. Drawing 3 shows the whole structure. The part shown by 
100 in this drawing is a GPS receiver, and has the GPS antenna 41, RF amplifier 42, the 1st mixer 43, 
1st IF amplifier 44, the 2nd mixer 45, 2nd IF amplifier 46, A/D converter 52, the digital -signal- 
processing circuit 53, VCO (armature-voltage control variable frequency oscillator)47, and counting- 
. down circuits 48 and 49. The 1st mixer 43 mixes the 1st local signal which VC047 generates, and the 
\ output signal of RF amplifier 42, and changes them into the 1st IF signal. The 2nd mixer 45 mixes the 
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2nd local signal by which dividing was carried out with the counting-down circuit 48, and the output 
signal of 1st IF amplifier 44, and changes them into the 2nd IF signal. A counting-down circuit 49 
carries out dividing of the output signal of a counting-down circuit 48 further, and gives it as the 
sampling clock signal over A/D converter 52, and a system clock signal over the digital-signal- 
processing circuit 53. VC047 generates a 1,485MHz clock signal in this example, and a system clock is 
set to 1 1.605MHz. A counting-down circuit 55 carries out dividing of the output signal of a counting- 
down circuit 49 further, and generates a 1kHz signal. VCX061 generates a 10MHz reference frequency 
signal in this example. A counting-down circuit 62 carries out dividing of this, generates a 1kHz signal, 
and gives it to a phase comparator 50. A phase comparator 50 performs the phase comparison of this 
reference frequency signal and the output signal of a counting-down circuit 55, and gives a control 
signal in the direction in which that phase contrast decreases to VC047. This constitutes the PLL circuit 
which carries out phase simulation from frequency precision of VCX061. In the digital-signal- 
processing circuit 53, from the digital data train changed by A/D converter 52, correlation with a C/A 
code is taken about I component and Q component, and I correlation value and Q correlation value are 
calculated by data processing. Moreover, correlation with a **0.5 chip ****** C/A code is taken, and 
the difference is searched for as an E-L correlation value. A processor 54 consists of CPU, a ROM, 
RAM, etc., detects the carrier phase of an input signal from I correlation value and Q correlation value, 
detects the phase of the C/A' code contained in the input signal from the E-L correlation value, and 
performs tailing of a carrier phase, and a C / A code phase. Moreover, a processor 54 outputs the data 
for control to VCX061 in the direction in which a frequency difference decreases to D/A converter 63, 
in order to negate the difference of the doppler shift frequency by observation, and the doppler shift 
frequency by guess so that it may mention later. The 1PPS signal generating circuit 56 outputs 1PPS 
signal which only the number of dejayjdocks i given from a processor 54 was delayed^ and synchronized^ 
with the system clock. Therefore, after the PLL circuit through a processor 54 hasjocked, the carrier y 
^signafbf th emending ~sign$~irm£miixe<i from^ffie satellite for positioning, the oscillationsignalof } 

^V<5^ respe^lVTand? 

j the ToKfflz ; referent of the sending signal 

I transmrtted from a positioninglttelhte is acquired. 
[0030] Drawing' 4 is the block diagram showing the configuration of the digital-signal -processing circuit 
53 in drawing 3 , and processor 54 part. In drawing 4 , CPU81 performs the program beforehand written 
in ROM82. RAM83 is used as working area on the occasion of the program execution. A 
communication interface 84 outputs various data to an external device. A carrier NC071 gives a carrier 
signal (data) to a multiplier 72, and a multiplier 72 removes a carrier component by carrying out the 
multiplication of the data of a carrier signal to the data from A/D converter 52 (referring to drawing 3 ). 
The C/A code generating circuit 73 generates the C/A code given from CPU81 synchronizing with the 
system clock in the specified phase. Correlator 74 consists of I correlator, Q correlator, and E-L 
correlator. I correlator and Q correlator search for correlation with the carrier signal data which the 
carrier NC071 generated about I component and Q component in a carrier frequency of an input signal. 
Moreover, E-L correlator searches for the difference of the correlation value of **0.5 chip ******c/ 
the A code, and the C/A code of an input signal from C/A code phase of normal so that it may mention 
later. CPU81 asks for the control data of the carrier frequency to a carrier NC071, and a carrier phase, 
and gives it to a carrier NC071 so that the carrier phase of an input signal may be detected based on I 
correlation value and Q correlation value which correlator 74 calculated and a carrier phase may be set 
to 0, namely, so that the carrier phase of an input signal and the phase of the carrier signal data which a 
carrier NC071 generates may be in agreement. Moreover, CPU81 asks for the C/A code phase control 
data to the C/A code generating circuit 73, and gives this to a C/A code generating circuit so that a C/A 
code phase may be detected based on an E-L correlation value and a C/A code phase may be set to 0, 
namely, so that the C/A code phase of an input signal and the phase of the C/A code which the C/A code 
generating circuit 73 generates may be in agreement. Furthermore, CPU81 extracts navigation message 
data from an input signal, and performs a positioning operation from time information, the orbital 
information on two or more satellites, and a C/A code phase. Moreover, CPU81 outputs control data in 
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the direction which negates the difference of the doppler shift frequency by observation of an input 
signal, and the doppler shift frequency by guess to D/A converter 63 (refer to drawing 3 ) through I/O 
Port 85 so that it may mention later. The phase simulation of the PLL circuit which contains by this the 
processor 54 and VCX06 1 which were shown in drawing 3 is taken. 

[0031] Thus, the oscillation frequency of VC047 and VCX061 is controlled by this standard frequency 
generator in the direction which decreases the difference of the carrier frequency or the Doppler 
frequency by guess, and the carrier frequency or the Doppler frequency by observation. Thereby, in the 
condition that the oscillation frequency of VCX061 locks, the carrier signal and system clock of a 
sending signal from the satellite for positioning serve as relation which synchronized completely, and 
become possible [ using the signal of this system system as a standard frequency signal ]. 
[0032] Although it carries out error correction of the system clock of a GPS receiver and makes 
frequency precision high further, even if the standard-frequency-signal generator shown in above- 
mentioned drawing 3 and drawing 4 prepares only a GPS receiver and generates a carrier signal and a 
clock signal on the basis of the system clock, the high communication link of sufficient accuracy is 
possible for it. 

[0033] In addition, even if it is the case where the signal is received from the GPS Satellite with which 
the above-mentioned sending set differs from the standard-frequency-signal generators 17 and 34 of a 
receiving set, in the same precision, since all of the signal of 24 GPS Satellites which go high up in the 
sky around are exact, it cannot cause a gap of a frequency by the transmitting side and the receiving 
side, and can generate the same carrier signal of precision, and a clock signal. 
[0034] Moreover, since the GPS receiver also has the function which outputs time information, if it is 
made to generate a PN code synchronizing with this time information in the case of a spread spectrum 
system as shown in drawing 3 , a code synchronization can be easily taken only by taking into 
consideration delay by the distance between a sending set and a receiving set. Even if it is a simple 
communication device, while being able to lengthen the number of bits of a code and being able to make 
the number of channels increase by this, there is an advantage of becoming strong to security. 
[0035] 

[Effect of the Invention] Since it can be stabilized and both the carrier frequency of a sending set and the 
frequency of the carrier signal of a receiving set can be made in agreement on an exact frequency 
according to this invention as mentioned above, in high-speed communication link division high-speed- 
data transmission, there is no wave-like distortion by the frequency drift, and a highly precise 
communication link is attained, and it becomes unnecessary to be able to carry out data transmission on 
a frequency with a very high precision compared with a common self-excitation type oscillator, and to 
take into consideration the frequency drift of a phase flag signal by the receiving side from before. 
[0036] Moreover, since a sending set and a receiving set can transmit and receive data based on the 
clock signal of an exact frequency according to this invention, once a synchronization is established, 
even if it hardly follows, a synchronization is maintainable, and even if it is the case where receiving 
conditions cannot separate a synchronizing signal bad, it is lost that a synchronization separates and data 
reception becomes impossible. Moreover, the actuation which makes a clock frequency in agreement 
since the clock frequency of a sending set and a receiving set is completely in agreement beforehand 
becomes unnecessary, and since a synchronization is established only by taking the synchronization 
doubled with the delay according to a transmission distance, initial time amount is very short and ends. 
Moreover, since the synchronization stabilized in this way can be obtained, it is not necessary to reverse 
a signal for every bit like the Manchester method, and to include a clock component for example, and 
while it has been baseband signaling, it can also communicate. In the way of a signal with few counts of 
level reversal being able to narrow bandwidth, there is an advantage that a communication range 
becomes strong also to an elongation multi-pass. 



[Translation done.] 
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